To implement the EU Water Framework Directive (WFD) it is necessary to establish tools enabling ecological status quantification on the basis of biological indicators, and to assess reference conditions and relevant environmental pressures for the construction of response curves. This study focuses on the Polish sector of the Baltic Sea. A number of statistically significant linear correlations, linking chlorophyll-a concentrations with pressure parameters, were found. Due to the lack of historical data, reference conditions and ecological class boundaries for chlorophyll-a assessment were determined using a simplified mathematical approach.
INTRODUCTION
The enrichment of water by nutrients, especially nitrogen and phosphorus, causes accelerated growth of algae and higher plants (Elmgren 1989 , Anon. 2000 . Massive phytoplankton blooms occur in the Baltic Sea, resulting in adverse environmental effects, including the reduction of water transparency as measured by Secchi disc (Łysiak-Pastuszak&Piątkowska 2004 , FlemingLehtinen et al. 2006 . For this reason the EU Water Framework Directive (WFD) has identified phytoplankton as a biological quality element for ecological status assessments in coastal and transitional waters (Anon. 2000) . The guidance document (draft version 11, Nov. 2005) for the common assessment and monitoring of eutrophication across different European seas proposed the following phytoplankton indicators for eutrophication:
− increased biomass (e.g. chlorophyll-a, organic carbon and cell numbers), − increased frequency and duration of blooms, − increased annual primary production, − shifts in species composition to higher proportions of potentially harmful or toxic species, − shifts in phytoplankton indicator species from diatoms to flagellates.
For these phytoplankton parameters the deviation from reference or undisturbed conditions is a measure of water quality. Declining ecological quality of marine waters is characterised by slight ("good status"), moderate ("moderate status") or greater ("poor" or "bad status") changes in the biomass, disturbances in phytoplankton population composition, abundance of taxa or increases in the frequency and duration of phytoplankton blooms compared to "high status" (Anon. 2000) .
At present only chlorophyll-a, as a proxy of phytoplankton biomass, has been commonly agreed upon an indicator of eutrophication (Baltic GIG 2006) , and research on community indicators is ongoing. Also HELCOM have proposed the use of chlorophyll-a concentration (e.g. mean of May/JuneSeptember, annual mean/median or summer maximum) to assess eutrophication (HELCOM 2006) . This article is a sequel in a series of contributions, presenting the results of a study on the identification of environmental pressures in the Polish sector of the Baltic Sea for the construction of response curves and a protocol proposal for the reference conditions determination and boundary setting for environmental status assessments.
MATERIALS AND METHODS

Assessment areas
Traditionally eutrophication assessments of the Polish sector of the southern Baltic Sea have focused on characteristic regions: the Gulf of Gdańsk, an off-shore area comprising distinct regions -the Gdańsk Deep and SE Gotland Basin, a shallow coastal strip (delimited by the 20 m bathyline according to HELCOM definition of coastal areas) along the central Polish coast, and the Pomeranian Bay (Trzosińska&Łysiak-Pastuszak 1996 , HELCOM 2006 . The locations of the areas selected for this study are shown in Fig. 1 
Assessment data
Chlorophyll-a concentrations are routinely measured at each sampling station, five times a year, during warm season monitoring cruises: in March/April, to assess the early spring phytoplankton bloom, in June, in August (late summer), September (early autumn), and in late October or November (full autumn) (IMGW 1987 (IMGW -1999 (IMGW , 2000 (IMGW -2001 . These measurements are conducted according to the guidelines and methods of HELCOM COMBINE (HELCOM 1997) . A simplified statistical characterisation of collected chlorophyll-a data is presented in Table 1 . Unfortunately, there are intermittent gaps in the data, due to weather conditions, ship machinery or sampling gear break-downs, etc. The resulting uneven seasonal data coverage and resolution is sometimes not adequate to determine temporal trends or functional relationships.
In the off-shore area, covering the southern Baltic deep areas of the Gdańsk Deep and SE Gotland Basin, chlorophyll-a measurements started in 1987 and 1993, respectively, but in the shallow water region, and in the bays, they commenced only in 1999 (IMGW 1987 (IMGW -1999 (IMGW , 2000 (IMGW -2001 . As well as chlorophyll-a supporting hydrochemical data is collected at each station, comprising: water temperature, salinity, transparency (Secchi depth), oxygen content and nutrients.
RESULTS AND DISCUSSION
Temporal trends in chlorophyll-a concentrations
Despite the relatively short data series statistically significant temporal trends were detected in chlorophyll-a concentrations at the separate stations as well as area-wise in all the regions close to land (Table 2) , whether the data were analysed as raw (year round measurements), in seasonal distribution, or as annual mean values. In contrast, the results of trend analysis in the longer off-shore region data sets (the Gdańsk Deep and SE Gotland Basin) did not exhibit any statistically significant trends, although the summer values did indicate a tendency of chlorophyll-a to increase.
The presented regression coefficients, showing temporal trends in chlorophyll-a concentrations, clearly indicate that the spring phytoplankton blooms are more intense than the summer blooms, and that eutrophication in the Polish sector of the Baltic Sea is an ongoing process.
Response curves
Regular measurements of chlorophyll-a concentrations started quite late in Polish marine monitoring, in 1987 in the Gdańsk Deep, in 1993 in the SE Gotland Basin, and in 1999 in the shallow coastal areas, and as a result the Table 1 Statistical characterisation of chlorophyll-a data from selected stations in the assessed areas. amount of data is rather restricted. Despite this, however, a number of statistically significant linear correlations were detected linking environmental parameters with chlorophyll-a concentrations. The detected relationships between various aggregations of seasonal data are presented in Table 3 , and selected examples in Figures 1 and 2 . The high resolution of data from station KO, located in the transitional water body "outer Puck Bay" in the Gulf of Gdańsk, and where the monitoring measurements were conducted 12 times a year between 1999 and 2005, rendered possible to obtain very interesting results. Linear correlations were analysed between chlorophyll-a concentrations in the warm season, i.e. from May to September, and water transparency, the concentrations of dissolved orthophosphate (DIP), total phosphorus (TP), inorganic nitrogen (DIN=NO 3 +NO 2 +NH 4 ) and total nitrogen (TN).
In this area of the Gulf of Gdańsk (1999 Gdańsk ( -2005 statistically significant linear correlations were observed between chlorophyll-a (V-IX) and water transparency (V-IX), phosphate, total phosphorus and total nitrogen (8) p -confidence level, n -number of analysed data concentrations (Table 4) . No statistically significant relationships between chlorophyll-a and mineral nitrogen forms were detected. In the Gulf of Gdańsk, the highly statistically significant correlations, particularly in the case of phosphate and total phosphorus, provide strong evidence for ongoing shift of the limiting element, from nitrogen to phosphorus, observed since the mid-1999 s (IMGW 1987 (IMGW -1999 (IMGW , 2000 (IMGW -2001 .
Central Polish coast, st. L7 The spreading of data around the regression curves suggests the possibility of strong exponential relationships that could be used for class boundary definitions (Aigars et al. 2007) , and so exponential relationships were also analysed (Table 4) ; these exponential correlations are shown in Figures 3 and 4 . All of the analysed exponential relationships (Figs 3 and 4) , with the exception of chlorophyll-a vs. Secchi depth, were ascent curves and did not show clear break points that could be defined as borders between specific ecological quality states (Aigars et al. 2007 ). This observation is easily explained as the area of the Gulf of Gdańsk has been under heavy anthropogenic influence for a much longer time than the analysed data series. Hence, a number of procedures, based on experience of the Baltic Geographical Intercalibration Group (GIG) (Baltic GIG 2006) , were tested for determination of reference conditions and ecological class boundary setting protocols.
Reference conditions and class boundary setting procedure
Reference conditions, as expounded by the WFD, should characterise the ecological state of a water body under no, or minor, anthropogenic pressure. Such conditions do not exist in most European coastal areas, and are definitely absent from the Baltic Sea basin (HELCOM 2006) . Few monitoring programmes predate the 1980s and the resulting lack of long-term, historical data makes defining reference conditions, and consequently assessing management strategies, difficult (Andersen et al. 2004) . A number of approaches for reference value establishment, and the setting of ecological class boundaries, have been presented, discussed and tested within the activities of the Baltic GIG (Baltic GIG 2006) .
Based on mixed Danish/Finnish/German proposals (Baltic GIG 2006) a simplified mathematical approach was developed, in which it is assumed that no historical data are available, and that the data series is at least 6-years long. Frequency distribution analysis was carried out on chlorophyll-a results from the warm season, i.e. May to September (V-IX) (Table 5) , with the class of the lowest concentrations set at 0.0-3.0 mg m -3 . The 0.1 and 0.2-percentiles of this lowest concentration class were calculated; the 0.1-percentile was equal to 1.94 (1.938) mg m -3 and the 0.2-percentile 2.89 mg m -3 . The 0.1-percentile value is close to the 2.1 mg m -3 value determined initially by expert judgement during the HELCOM EUTRO project (HELCOM 2006) , and can be regarded as the reference level (REFCOND) for chlorophyll-a concentrations in the area of the "outer Puck Bay", while the 0.2-percentile seems a little too high. The 0.8-percentile of the entire data series was taken as the border between Poor/Bad status and the concentration range between REFCOND and poor/bad status was divided into 3 equal classes. The ensuing class borders for chlorophyll-a assessments in the "outer Puck Bay" are presented in Figure 5 .
The reference values and ecological class boundaries for eutrophication evaluation, determined area-wise, in the areas presented in this study were determined following the procedure described above (Table 6) , with the reference values being assessed for the May-September period. The number of available data were too low to enable derivation of reference values for annual means or particular seasonal means.
The longer data series from the off-shore regions, the Gdańsk Deep and SE Gotland Basin, allowed calculation of the 0.1-percentile of the mean annual chlorophyll-a concentrations, which reached 1.80 and 1.35 mg m -3 , respectively. These results may serve as additional metrix of the status assessments.
It is evident that the response curves -exhibiting the functional relationships -show the magnitude and quality of ecosystem changes. The application of the simplified mathematical class boundaries, however, requires further proof that the defined deviations represent significant changes in the ecosystem quality, and whether they indicate unacceptable ecosystem deterioration. The frequency distribution of current chlorophyll-a concentrations, and the combined nutrient loading in the Polish sector of the southern Baltic from natural processes and anthropogenic activities, indicate that the proposed procedures of reference condition determination and REFCOND <1. ecological class boundary setting are rational and can be accepted as tools of ecological status assessment with regard to phytoplankton at this stage of WFD implementation and for HELCOM purposes. However, it is commonly accepted that ecological status assessments should be based on scientific principles and include as many varied qualitatively elements as possible, hence taxonomic indicators should also be determined for phytoplankton assessment.
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